Biofouling occurs without exception in all water systems, with undesirable effects such as biocorrosion and deterioration of water quality. Drinking water associated biofilms represent a potential risk to human health by harbouring pathogenic or toxin-releasing microorganisms. This is the first study investigating the attached microbiota, with potential threat to human health, in a public water system in Romania. The presence and the seasonal variation of viable faecal indicators and opportunistic pathogens were investigated within naturally developed biofilms in a drinking water treatment plant. Bacterial frequencies were correlated with microbial loads in biofilms as well as with physical and chemical characteristics of biofilms and raw water. The biofilms assessed in the current study proved to be extremely active microbial consortia. High bacterial numbers were recovered by cultivation, including Pseudomonas aeruginosa, Escherichia coli, Aeromonas hydrophila, intestinal enterococci and Clostridium perfringens. There were no Legionella spp. detected in any biofilm sample. Emergence of opportunistic pathogens in biofilms was not significantly affected by the surface material, but by the treatment process. Implementation of a water safety plan encompassing measures to prevent microbial contamination and to control biofouling would be appropriate.
INTRODUCTION
The availability of safe drinking water represents a global challenge, and authorities sustain substantial efforts in two priority areas: water quantity and water quality assurance.
The deterioration of tap water quality primarily involves microbiological hazards, since the majority of evident water-related health problems are the result of microbial contamination (WHO ; Riley et al. ) . Two modes of pathogen emergence in drinking water have been described: breakthrough and external contamination, followed by regrowth (Characklis ; van der Kooij ;
Payment & Robertson ). In a drinking water system, about 95% of the bacterial numbers are estimated to be located on the surfaces, while only 5% are found in the water phase and detected by routine quality control measures (Flemming et al. ) . Biofouling occurs without exception throughout drinking water processing and distribution, despite the oligotrophic environment, residual disinfectants and hydraulic conditions. The complex structure of drinking water associated biofilm consists mainly in inoffensive heterotrophs originating from source water Water pollution with human excreta represents the primary concern about hygiene-relevant contamination and is Allen ) and is a natural and essential part of the micro- Sampling points have been set in the settling step and in the granular sand filtration process. All steps in sample collection, processing and analysis were performed using sterile instruments, or in controlled laboratory conditions, according to specific regulations. Biofilm deposits were collected by scraping eight areas with a total surface approximately 1 m 2 , from concrete and from steel walls of a clarifier.
Sand grains were sampled from three regions of a sand filter operating more than 30 h. To capture the representative microbial composition, weighed samples of biofilms (100 g) and sand grains (1,000 g) were homogenised. From these, 10 and 100 g deposits, respectively, were suspended in sterile tryptone water and were vortexed with sterile glass beads. The homogenised biofilm suspensions and serial dilutions up to 10 À9 were prepared for inoculation.
Raw water entering the DWTP and bulk fluid from the filter were collected once with biofilm samples.
Bacterial counts
All microbiological determinations in the present study were based on classical techniques, targeting viable and cultivable microorganisms. Inoculation and growth on general or specific culture media was followed by biochemical identifi- 
RESULTS AND DISCUSSION

Bacterial development in biofilms
The concrete and steel-associated biofilms investigated revealed similar loads for oligotrophic microorganisms, between 6.59 × 10 6 and 8.25 × 10 8 colony forming units (CFU)/g. In filter sand, colony counts were between 1.1 × 10 3 and 5.6 × 10 6 CFU/g, with maximum occurrence during spring-summer (Figure 1(a) ). Biofilm samples from the clarifier containing more active biomass than the sand grains collected from the filter corresponded to a difference of two or three orders of magnitude in colony counts. Previous findings estimated 6-18% of the cells living in six months-old biofilms to be able to form colony units in R were detected in all except one concrete-associated sample (January 2011). In all filter sand biofilms, IE colony counts revealed concentrations from 0.6 to 13 CFU/g (Figure 1(c) ).
Enterococci have been assigned to indicate the presence of viruses, due to their persistence and no evidence of multiplication in the environment, including in water-associated biofilms (Bitton ).
Only minor amounts of presumptive C. perfringens were found in drinking water associated biofilms. Two peak events registered in samples of clarifier origin: 3.45 × 10 2 CFU/g on the steel surface, in July 2010, and 2.20 × 10 2 CFU/g on concrete, in January 2011. C. perfringens was not detected in two samples from the latter, in May 2010
and March 2011. All sand filter samples were positive for C. perfringens, in low concentrations, from 0.12 to 11.1 CFU/g (Figure 1(d) ). A. hydrophila proved to be one of the commonest inhabitants of DWTP biofilms of all investigated bacteria (Figure 1(f) ). As for the other species, homologous communities from concrete and steel surfaces in the clarifier developed together, with 96 to 5.6 × 10 4 CFU/g cultured.
Increased levels of aeromonads were recorded from sand filter biofilms, from 2.35 to 3.5 × 10 2 CFU/g. Seasonal variation occurs with the highest loads registered in autumn.
There is increasing concern about A. hydrophila incidence during water treatment and distribution with regard to public health impact and its role in indicating chlorine resistance, disinfection efficacy, regrowth potential and bio- (Garrity et al. ) . L. pneumophila is a secondary coloniser of major concern, with important health significance in drinking water sources, processing and distribution. Its persistence in biofilms, mostly in a viable but non- data confirm that biofilms developed on steel surface have lower pH values but higher iron and manganese contents than concrete-associated deposits ( Table 2 ). This may be caused by the accumulation of metal oxides in corrosion Physical and chemical characteristics of raw water entering the DWTP were also recorded (Table 3) . Results revealed that biofilms could harbour faecal indicators and opportunistic pathogens even when inlet water has excellent chemical composition.
Effects of substrate material and raw water properties on opportunistic pathogen emergence in biofilms
Comparing the characteristics in the investigated biofilms,
Wilcoxon signed-rank test results emphasise the absence of significant differences (p > 0.05) between the means of oligotrophic bacteria, faecal indicators and opportunistic pathogens developed on concrete compared to steel surfaces.
However, significant differences (p < 0.05) appear when parameters in biofilms with sand filter origin were compared with those of samples from the clarifier. Wilcoxon test results (Table 4 ) verify the hypothesis that the treatment process affects the evolution of bacterial populations in biofilms, but the interface material has no significant influence on the composition of microbial communities. Bacteria of concern are able to colonise all the concrete, steel and sand surfaces.
Data interpretation revealed multiple correlations, with different levels of significance, between the parameter pairs considered. The moderate and strong Pearson common correlations (R > 0.5) are summarised in Table 5 .
A high similarity may be observed when comparing concrete and steel-related biofilms. From a total of 144 parameter pairs considered, 58 statistically significant correlations were recorded in clarifier biofilms (concrete and with iron ions that were found at low levels in raw water, but negatively with high iron content in biofilms. This may suggest that insoluble ferric oxides in corrosion products act as growth-limiting compounds for Aeromonas in microbial consortia. 
P. aeruginosa -pH (water) R C ¼ À0.943 R S ¼ À0.914 P. aeruginosa -Alkalinity R C ¼ À0.597 R S ¼ À0.603 R F ¼ À0.512 P. aeruginosa -Dissolved calcium R C ¼ À0.542 R S ¼ À0.534 R F ¼ À0.555 P. aeruginosa -Manganese (biofilm)
The occurence of bacteria with health risk potential in drinking water environments is of great concern. Since their appearance is most likely related to the contamination of the sources, additional measures for protection of catch- The raw water showed an excellent chemical quality, but naturally developed biofilms harboured faecal bacteria and opportunistic pathogens of concern, independent of the surface materials. They emerged throughout the whole period of investigation, registering a seasonal variation and a dependency on the treatment process. No statistically significant correlations between oligotrophic or faecal bacteria and aeromonads or pseudomonads occurred within biofilms. Opportunistic pathogens were significantly correlated with raw water physical and chemical parameters. The occurrence of opportunistic pathogens in DWTP biofilms represents a concern from a public health perspective.
The implementation of a water safety plan encompassing additional preventive and corrective measures is required.
As the international authorities recommend, biofilm surveillance and control are important tools to ensure safe drinking water.
